INTRODUCTION {#S0001}
============

Angiogenesis -- the formation of new capillaries from pre-existing blood vessels -- is vital for tumor growth and metastasis. It is a complex process, dependent on multiple factors and involves signaling pathways regulating several aspects of cell biology. In recent years, a growing number of researchers investigated the role of angiogenesis in urinary bladder malignancies. Bladder cancer is the most common urinary tract cancer and the fourth-most common malignancy in men in developed countries. In Europe and North America, over 90% of bladder cancers are urothelial bladder carcinomas (UBC). The majority of patients with UBC initially present with a low-grade tumor confined to the mucosa with a high recurrence rate after transurethral resection. Up to one third of these non-muscle invasive cancers (NMIBC) demonstrate disease progression to more invasive or higher-grade tumors. One of the steps in cancer progression is angiogenesis and our knowledge regarding its significance in UBC is constantly expanding. Bladder tumors were found to produce high levels of factors involved in stimulation of angiogenesis, including vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), interleukin--8 (IL-8) and matrix metalloproteinases (MMPs). Tissue, serum or urine levels of these molecules often correspond with tumor stage and clinical outcome, and there have been reports of potential therapeutic use of angiogenesis inhibitors in UBC. In this review, we highlight the key information regarding mechanisms behind angiogenesis in UBC and its clinical significance.

Angiogenesis -- general information {#S20002}
-----------------------------------

Angiogenesis is an essential part of many physiological processes, such as tissue adaptation to hypoxia or regeneration. It is also of crucial importance for cancer growth and survival of neoplastic cells. Angiogenesis is a strictly controlled, multi-step, dynamic process regulated by a plethora of growth factors, cytokines, enzymes, extracellular matrix (ECM) proteins and other mediators. In the physiological state, tissues maintain a steady balance between endogenous angiogenesis inducers (pro-angiogenic factors) and inhibitors (anti-angiogenic factors). In cancers, when the balance is disrupted and shifted towards pro-angiogenic factors, the so-called angiogenic switch is activated and new vasculature formation starts. The best-known mechanism of tumor angiogenesis is capillary sprouting -- the development of new buds from pre-existing tissue capillaries. In this process, a blood vessel initially dilates, becomes more permeable and the basement membrane is partly degraded at the site where the pro-angiogenic stimulus is strongest. Then, endothelial cells (EC) migrate into surrounding tissues forming a bud with a slit-like lumen maintaining a connection with the mother vessel. Finally, the newly formed capillary is covered by vessel supporting cells -- pericytes. Recent studies identified additional mechanisms involved in tumor vascularization, namely vessel co-option, intussusceptive microvascular growth (IMG) and postnatal vasculogenesis. Vessel co-option is based on the incorporation of existing vessels into the expanding tumor, which later results in separation of that vessel from host tissue. In IMG, the vessel lumen is divided by formation of transluminal endothelial bridges, which further develop into pillars of connective tissues partitioning the lumen and eventually dividing the vessel in two. An important feature of IMG is its independence from EC proliferation; therefore anti-angiogenic therapies targeting mitogenic activity of ECs may be useless against tumors demonstrating this type of vascularization \[[@CIT0001]\]. It has long been believed that vasculogenesis -- development of new blood vessels from mesenchymal progenitors -- was restricted to embryonic development, but the discovery of circulating and bone-marrow derived endothelial progenitor cells (EPC) that can be mobilized by tumor cells and incorporated into developing tumor capillary network gave birth to the concept of postnatal vasculogenesis. Although detected in only a fraction of tumor vessels, EPCs play an important role in the activation of ECs and production of pro-angiogenic factors \[[@CIT0002]\]. The described mechanisms of angiogenesis and tumor vascularization are often intermingled, occurring simultaneously. Tumor vasculature can be characterized by distinct structural and functional features, such as a lack of arterial or venous specification, hyperpermeability, lack of pericyte coverage and incorporation of cancer cells into the vessel wall. A complex network of tumor vessels with tortuous shapes, uneven diameters, abnormal shunts and blind-ends forms a disorganized labyrinth with chaotic, inefficient blood flow. Therefore, ironically, growing tumors are often hypoxic despite rich vascularization. Hypoxia causes the up-regulation of hypoxia inducible factors (HIFs), which, in turn, can induce expression of genes with adaptive functions.

Hypoxia inducible factors {#S20003}
-------------------------

HIFs are a family of three transcription factors (HIF-1, -2 and -3) that in the setting of hypoxic stress directly activate expression of numerous pro-angiogenic inducers, as well as suppress the expression of anti-angiogenic factors. The best-described factor is HIF-1, a heterodimeric transcription factor composed of two subunits: HIF-1α and HIF-1β. HIF-1β expression is continuous and remains at steady levels, while in normoxic conditions the HIF-1α subunit undergoes degradation. However, when oxygen concentration drops HIF-1α becomes hydroxylated, preventing it from being degraded and resulting in its accumulation in the cell. In hypoxic cells HIF-1 regulates the expression of pro-angiogenic factors, including VEGF, angiopoietin 1 and 2, platelet-derived growth factor and placental growth factor, as well as expression of enzymes such as MMPs. Among numerous genes regulated by HIF-1, VEGF and its receptors play a central role in the process of angiogenesis.

*In vitro* studies of UBC cell lines revealed that in hypoxic conditions HIF-1α protein levels are elevated and correspond to increased VEGF expression. Overexpression of HIF-1α was demonstrated in human UBC tissues and it correlated with tumor grade, disease progression and recurrence, and was associated with poor overall survival \[[@CIT0003], [@CIT0004], [@CIT0005]\]. Close relations between HIF-1 immunoreactivity, proliferation index, VEGF expression and microvessel density (MVD) were also reported \[[@CIT0004]\]. These results suggest that HIF-1α may serve as a prognostic marker and target in future UBC therapies. Interestingly, HIF-1α can be regulated by mTOR kinase, which provides the possibility of targeting hypoxia signaling pathways with mTOR therapeutics already in use or in clinical trials \[[@CIT0006]\].

Vascular endothelial growth factors {#S20004}
-----------------------------------

The VEGF family of genes contains several members, including VEGF-A, which plays a major role in angiogenesis, VEGF-B, with a possible role in ECM degradation and migration of ECs, VEGF-C, which is involved primarily in regulation of lymphangiogenesis, and others. VEGFs bind to three types of receptors (VEGFR1-3) containing tyrosine kinase activity. VEGF-A interacts mainly with VEGFR2 expressed on ECs as well as on bone marrow-derived EPC. Binding to a receptor starts cellular signaling pathways resulting in increased permeability of blood vessels, proliferation and migration of ECs, recruitment of EPCs and maintenance of newly formed vasculature.

VEGF overexpression can be detected in the majority of cancers, including bladder cancer. Most researchers agree that levels of tissue VEGF-A correlate with UBC grade \[[@CIT0007], [@CIT0008]\], but there are conflicting reports regarding its relation to tumor progression \[[@CIT0009], [@CIT0010], [@CIT0011]\]. The prognostic value of tissue VEGF-A expression in UBC also remains unclear: high levels of VEGF-A were found to be associated with worse survival and higher recurrence rates \[[@CIT0007], [@CIT0009], [@CIT0012]\], but a number of reports present contradicting results \[[@CIT0010], [@CIT0011]\]. Serum VEGF-A levels in patients with UBC showed correlation with tumor grade, stage, vascular invasion and the presence of carcinoma *in situ,* and VEGF-A values exceeding 400 pg/ml were highly predictive of metastatic disease \[[@CIT0013]\]. High levels of urine VEGF-A were found to correlate with recurrence in NMIBC \[[@CIT0014]\].

*In vitro* studies showed that angiogenesis inhibition effectively decreased proliferation and invasion of UBC, leading to further investigation of angiogenesis-targeted agents. Treatment of advanced UBC with bevacizumab (VEGF antibody), and more recently ramucirumab (VEGFR2 antibody), in combination with chemotherapy showed promising results in phase II clinical trials, and are currently in phase III. There are multiple ongoing phase II studies with other agents targeting VEGF receptors, including sunitinib, sorafenib and pazopanib \[[@CIT0015]\].

Fibroblast growth factors {#S20005}
-------------------------

FGFs are growth and differentiation factors, which play fundamental roles in embryonic development, tissue regeneration, angiogenesis and neoplastic transformation. The FGF family is comprised of over 20 ligands that bind to four receptors (FGFR 1-4). In the context of angiogenesis, the most extensively studied are acidic FGF (aFGF) and basic FGF (bFGF). Produced by stromal and endothelial cells, FGFs are localized mainly in the ECM where they form complexes with proteoglycans to avoid degradation. During tumor angiogenesis enzymes, such as proteinases, can mobilize FGFs from the ECM. On release, FGFs bind to receptors with tyrosine kinase activity that transmit a signal to various cytoplasmatic signaling pathways implicated in proliferation, migration and survival of ECs, as well as in formation of a favorable microenvironment for tumor vascularization by increasing expression of other pro-angiogenic factors.

Overexpression of bFGF in UBC is associated with features of aggressive cancer, such as muscle invasion, high tumor grade, chemotherapy resistance, high recurrence rate and poor prognosis \[[@CIT0016], [@CIT0017]\]. The level of bFGF mRNA in UBC biopsies was found to correlate with MVD as well \[[@CIT0018]\]. In contrast to tissue expression, serum bFGF levels are elevated in patients with NMIBC and low-grade UBC \[[@CIT0019]\]. Compared to the normal population, the level of bFGF in UBC patients' urine is increased, correlating with tumor grade, stage and tumor recurrence \[[@CIT0020]\].

The presence of activating mutations in the FGFR3 receptor gene in 50--70% of NMIBC strongly suggest its involvement in UBC biology \[[@CIT0021]\], but only a few studies evaluated the link between FGFR3 and tumor angiogenesis. The occurrence of an FGFR3 mutation is related to higher vascularization of the tumor, which suggests that activated FGFR3 acts as a stimulating factor for angiogenesis \[[@CIT0022]\]. FGFR3 mutations are associated with low stage and low-grade tumors and the prevalence of expression decreases with increasing depth of tumor invasion and higher grade \[[@CIT0023]\]. Both the FGFR3 activating mutations and overexpression of wild-type FGFR3 receptor were found to be responsible for favorable outcomes in UBC, as patients had significantly lower risk of tumor recurrence, progression and death \[[@CIT0022], [@CIT0023], [@CIT0024]\]. Interestingly, recent data shows that detection of FGFR3 mutation in the urine of patients with low-grade UBC actually indicates tumor recurrence and could be employed as a recurrence-predicting marker \[[@CIT0025]\].

Currently three drug families targeting FGF/FGFR are under development, including tyrosine-kinase inhibitors, monoclonal anti-FGFR antibodies and FGF-trapping molecules. Pan-FGFR tyrosine kinase inhibitors showed promising results in phase I studies. A phase II trial investigating dovitinib (small-molecule FGFR1,3 and VEGFR1,2,3 inhibitor) resulted in a very poor response to treatment in patients with or without FGFR3 mutations \[[@CIT0015]\].

Interleukin-8 {#S20006}
-------------

Il-8 is a proinflammatory cytokine initially described as a leukocyte chemoattractant, but subsequently identified as a potent mitogenic, angiogenic and growth factor. In various types of cancers increased expression of IL-8 was detected in neoplastic cells, ECs, infiltrating neutrophils and tumor associated macrophages, suggesting its role as a major regulatory factor within the tumor microenvironment. The biological effects of IL-8 are mediated through interaction with two surface receptors, CXCR1 and CXCR2. Activation of IL-8 signaling leads to proliferation, survival and increased motility of ECs, cancer cells, and infiltrating inflammatory cells. In cancers IL-8 was shown to induce tumor angiogenesis, tumorigenicity, lymph node involvement and formation of metastasis, especially at the early phase of tumor growth \[[@CIT0026]\].

Expression of IL-8 in UBC cells is associated with formation of tumor, high metastatic potential, increased MVD and high tumor stage. IL-8 effects on bladder cancer biology can be attributed, at least partially, to regulation of MMPs levels, but IL-8 activity appears to be independent of VEGF or bFGF \[[@CIT0026], [@CIT0027]\]. Expression of IL-8 is directly regulated by transcription factor NF- κB. Blocking of NF- κB was shown to reduce constitutive expression of VEGF and IL-8, and subsequently to suppress angiogenesis, invasion and metastasis in prostate cancer models \[[@CIT0028]\]. *In vitro* studies of transitional cancer cell lines showed that in less aggressive cancers levels of IL-8 and NF- κB are low, and their expression can be induced by hypoxia and acidosis. In contrast, high-grade cancer cells constitutively express high IL-8 and NF- κB levels, and stressful conditions do not further increase those levels. Furthermore, blocking NF- κB prevents the induction of IL-8, which results in inhibition of tumor growth, angiogenesis and metastasis in human urothelial cancer xenograft models \[[@CIT0029]\].

Matrix metalloproteinases {#S20007}
-------------------------

MMPs are a family of at least 26 proteolytic enzymes, responsible for tissue remodeling and degradation of ECM structural components creating space for cell migration. By cleaving ECM proteins MMPs also regulate the activity of enzymes, growth factors, cytokines and other molecules. As a consequence, MMPs influence several physiological and pathological processes, including angiogenesis. The activities of MMPs are tightly regulated -- they are synthetized as proenzymes requiring activation, and their action is controlled by a group of tissue inhibitors of metalloproteinases (TIMPs). During angiogenesis the degradation of basement membrane and ECM is essential for migration and aligning of EC as well as liberation of ECM-bound pro-angiogenic factors, including VEGF, bFGF and others. MMP-9 is considered to be the most potent pro-angiogenic enzyme, followed by MMP-2. Although the majority of MMPs are involved in tumorigenesis, angiogenesis and cancer progression, some MMPs actions can have pro-apoptotic and anti-angiogenic effects through hampering vessel maturation, releasing pro-apoptotic factors, degrading growth factors or generating anti-angiogenic factors such as angiostatin or endostatin.

Association between MMP and angiogenesis in bladder cancer was first demonstrated by using specific MMP-2 inhibitor Halofuginone in a UBC animal model, which resulted in inhibition of tumor vascularization, invasiveness, and cell proliferation \[[@CIT0030]\]. Levels of tissue MMP-9, MMP-2 and TIMP-1 correlate with high tumor grade and invasion \[[@CIT0008], [@CIT0031]\]. Overexpression of tissue MMP-9 and TIMP-2 was found to be associated with higher risk of tumor recurrence and poor prognosis \[[@CIT0032], [@CIT0033]\]. The amount of MMP-2 and MMP-9 in UBC patients' urine is significantly higher in invasive, high-grade cancer and urine MMP-9 was reported as an independent prognostic factor of poor overall survival \[[@CIT0033]\]. The value of other urinary MMPs, such as MMP-7 and MMP-1, in detecting UBC and predicting clinical outcome was demonstrated in a number of studies, but the precise role of MMPs in angiogenesis and tumor biology require further evaluation before they can be employed in UBC diagnosis \[[@CIT0034], [@CIT0035]\].

Thrombospondin-1 {#S20008}
----------------

As mentioned before, initiation of angiogenesis depends on the balance between pro- and anti-angiogenic factors in the tumor microenvironment. While the function of pro-angiogenic molecules has been extensively described, the role of anti-angiogenic factors is still only partly explained. Among inhibitors of angiogenesis, the role of thrombospondin-1 (TSP-1) has been examined in urological malignancies. Cancer cells often express undetectable to low levels of TSP-1, and the loss of its expression is described as an important element of the angiogenic switch. TSP-1 belongs to a family of extracellular glycoproteins that serve as adhesive proteins involved in suppression of EC proliferation, migration and vessel-formation. Secreted from tumor as well as stromal cells, TSP-1 inhibits activity of MMP-9 and NO/cGMP-related pathways, limiting their proangiogenic effects. Some reports imply TSP-1 function is more complex: in several cancer types TSP-1 has the capacity to decrease tumor growth and is associated with the early stage, while in others it promotes cancer cell migration and invasion.

In comparison to normal urothelium, the level of TCP-1 in UBC cell lines is decreased despite a relatively unchanged level of VEGF, suggesting that down-regulation of TSP-1 may be the first step in activating the angiogenic switch \[[@CIT0036]\]. Despite some conflicting findings between studies, most authors demonstrated that low TSP-1 expression in UBC is associated with high MVD in tumors, high-grade, tumor invasion, lymph node involvement, disease recurrence and low overall survival \[[@CIT0008], [@CIT0017], [@CIT0037]\]. These reports strongly support the concept that TSP-1 is a dominant anti-angiogenic factor involved in suppression of angiogenesis.

Cancer stem cells {#S20009}
-----------------

Tumors originate from a single cell, but as they grow they become increasingly heterogenic as a result of genetic and phenotypic alterations. There is increasing evidence that among tumor cells exist a small subpopulation of cells with unique features such as the capacity for self-renewal and tumorigenesis, which are crucial for maintenance and growth of tumors. These cells, called cancer stem cells (CSC), have several common properties, including a low proliferation rate and a high activity of drug efflux pumps that may explain their resistance to classic chemotherapy. CSCs are believed to arise from normal tissue cells or stem cells that underwent malignant transformation, or from dedifferentiated cancers cells that acquired CSC features. Although the exact biological mechanisms are still unclear, emerging evidence suggest that CSCs may support tumor progression by promoting angiogenesis. High CSC content in tumors was found to be responsible for tumor vascular development as a result of increased EC activity and mobilization of bone marrow-derived EPCs. CSCs are also capable of transforming into EPCs, which can undergo further maturation into ECs.

CSCs have been described in bladder cancer but their origin, exact phenotype and role in UBC pathogenesis remain unclear. The first reported phenotype of UBC CSC was CD44+, CK5+, CK20-, but several other markers used for detection of CSC were described, including CD44v6, CD133, 67LR, CD47, CD49, aldehyde dehydrogenaze (ALDH) and cytokeratins 14 and 17 \[[@CIT0038], [@CIT0039], [@CIT0040]\]. Although studies analyzing the significance of CSC in UBC pathogenesis revealed unequivocal results, there are reports regarding their prognostic role. It was shown that patents with CK14+ UBC demonstrated reduced overall survival compared to patients with CK14- tumors, and that CK14 overexpression was also associated with recurrence and progression in NMIBC \[[@CIT0040]\]. Patients with a high expression of ALDH1A1 also had increased risk of disease progression and cancer-specific death when compared to patients with low ALDH1A1 \[[@CIT0039]\]. Further validation of UBC CSC markers could lead to their use as predictors of disease progression and a treatment strategy targeting CSC would be rational. Potential therapeutic options include Heat Shock Protein 90 inhibitors, blocking of COX-PGE2 signaling, blocking of CD47, telomerase inhibitors and the use of retinoids. Development of UBC CSC-oriented therapy is challenging and the majority of studies focusing on this target are still in pre-clinical phases.

CONCLUSIONS {#S0010}
===========

Angiogenesis may be the key to developing novel therapeutic agents able to inhibit molecular pathways responsible for bladder cancer progression. Among these pathways, VEGF seems to play a principal role and ongoing clinical trials with bevacizumab in combination with chemotherapy show the most potential for improving outcome in UBC patients; however, agents targeting other aspects of angiogenesis require further investigation. An understanding of processes underlying angiogenesis will also enable us to better employ pro-angiogenic and anti-angiogenic factors as prognostic markers, allowing us to predict disease progression or recurrence. In this review, we have concentrated on only several molecules and mechanisms involved in tumor angiogenesis, and it must be noted that many other factors regulate formation of tumor vasculature.
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